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Abstract 
 
The Enhanced Polymeric Blend Membranes (EPBM) have an exceptionally promising future in the gas separation industry due to improved 
physical and chemical properties compared to organic and inorganic membranes. In this research two reference membranes comprising PSU 
glassy and PVAc rubbery polymers were used as controls for comparative analysis. The research is focused on the preparation of flat sheet 
PSU/ PVAc polymeric blend membranes. The composition of PVAc contents varied between 5-20 wt% in the PSU matrix. Differential scanning 
calorimetry (DSC) analysis showed the existence of single glass transition temperature (Tg) for different membrane blends which indicated 
miscibility among the PSU/PVAc polymer blends. The glass transition temperature (Tg) miscibility among the polymeric blends were further 
judged by using Fox equation (series model) or Wood’s equation (parallel model) or Pochan’s equation (logarithmic model).   
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1. Introduction 
 
Water Polymeric membrane technology has growing day by day for the separation of carbondioxide from natural gas. Numerous 
glassy polymeric materials have been used for membrane development for gas separation based upon scientific or industrial 
research work. Polysulfone (PSU) was considered because of its good chemical, thermal and mechanical stability with satisfactory 
gas performance [1, 2].  
 
Nomenclature     
DMAc Dimethyl acetamide MDEA Methyl diethanol amine 
DSC Differential scanning calorimeter PSU Polysulfone 
DEA Diethanol amine PVAc Polyvinyl acetate 
EPBM Enhanced Polymeric Blend Membranes Tg Glass transition temperature 
MEA Mono ethanol amine   
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 These features laterally with its comparatively low price polyvinyl acetate (PVAc) is an important polymer, revealing 
ferroelectric, pyro-electric and piezoelectric properties [2].  The typical advantages of PVAc were formability, flexibility and low 
density [3]. Polymer blending is a cost and time effective approach, adopted by many researchers to improve membrane 
performance, whereby two or more polymers are mixed to produce a new material with different and desired physical, chemical 
and mechanical properties. 
E.S. Watson and M.J. O'Neill in 1962, developed the DSC technique and introduced commercially on Analytical Chemistry 
and Applied Spectroscopy in 1963 at the Pittsburgh Conference [4]. P.L. Privalov and D.R. Monaselidze in 1964 was develop the 
first adiabatic differential scanning calorimeter that could be used in biochemistry. Glass transition temperature of membranes and 
polymer blend will be measured by differential scanning calorimeter (DSC). DSC is used for the measurement of heat flow and 
temperatures of various transitions that exist in a material as a function of time and temperature. It provides quantitative and 
qualitative information about the chemical and physical transformations that occur in a sample that involve an exothermic or 
endothermic process. It observes more subtle phase changes such as glass transition temperatures as the temperature of the 
amorphous solid is raised. Though DSC is used for a variety of materials, it is quite suitable for polymeric evaluations since it is 
sensitive to substances composed of large and extended molecular chains [5]. Where other materials possess structural homogeneity 
among the molecules and possess relatively simple transition like melting and boiling points, polymers hold a variety of 
arrangements in their structures and heterogeneity among individual molecular units [5, 6].  
Various factors affect a polymer’s glass Tg including molecular symmetry, polymer structure, structural rigidity, molecular 
weight and the presence of secondary forces [7]. Secondary forces, for example, arise in the presence of polar groups that hydrogen 
bond. The Tg miscibility among the polymeric blends were further judged by using Fox equation (series model) or Wood’s equation 
(parallel model) or Pochan’s equation (logarithmic model) shown by the Eqs.(1 to 3) respectively [8, 9]. 
 
 ௚್ܶିଵ ൌ ݓଵ ௚ܶభିଵ ൅ ݓଶ ௚ܶమିଵ                                                     (1) 
 
 ௚್ܶ ൌ ݓଵ ௚ܶభ ൅ ݓଶ ௚ܶమ                                                                (2) 
 
 ௚್ܶ ൌ ݓଵ  ௚ܶభ ൅ ݓଶ  ௚ܶమ             (3) 
 
where, Tgb, Tg1 and Tg2 indicate the glass transition temperatures of polymeric blends and individual polymers while w1 and w2 are 
the mass fractions of the corresponding polymer 1 and polymer 2 in the blend respectively. The main objective of this study is to 
develop miscible enhanced polymeric blend membrane. 
 
2. Methodology 
 
2.1. Materials  
 
Polysulfone (PSU) Udel® P-1800 is a powdered grade and a glass transition temperature (Tg) of 185oC was purchased from 
Solvay Advanced Polymers; L.L.C, U.S. Polyvinyl acetate (PVAc) average Mw ~100,000 by GPC, beads from Sigma Aldrich; 
Germany and a glass transition temperature (Tg) 28oC. Dimethyl acetamide (DMAc) solvent with a purity of 99.99% was acquired 
from Merck; Germany. Amines were used in this study for the fabrication of polymeric amine blend membranes. MEA, DEA, and 
MDEA amines with a purity of 99.99% were purchased from Merck Germany. 
 
2.2. Method  
Two different types of membranes were prepared in this work: polymeric blend membranes and polymeric amine blend 
membranes. To develop the membranes, the polymer PSU was dried at 110oC for 24 hours prior to their use to remove moisture. 
Firstly PVAc was dissolved in the DMAc solvent, then PSU polymer was added.  To obtain a homogeneous mixture polymers 
were dissolving in a solvent at room temperature under continuous stirring for 24 hours. This mixture commonly referred as the 
casting solution was prepared by dissolving 20% (wt/wt) of polymer in the DMAc solvent to synthesis membranes of different 
compositions. Transonic Digital S, Elma® was used for 3 hours for the purpose of degassing to obtain a clear solution. Each 
polymer be completely dissolved in solvent and there were no signs of agglomeration upon standing the solution. Thus we can say 
that it is a miscible polymer blend. This dope solution was casted on a glass plate by using casting knife with an opening of 200μm. 
Casted membranes were placed in a room temperature for 5 days to evaporate the solvent. PSU/PVAc amine blend membranes 
were prepared by the same method as in the case of the preparation of the PSU/PVAc blend membranes, however, addition of 
amine was introduced.  
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The enhanced polymeric blend membrane was developed by blending the glassy polymer polysulfone and rubbery polymer 
polyvinyl acetate with diethanol amine, methyl diethanol amine, mono ethanol amine was carried out in the solvent 
dimethylacetamide.  For characterization of glass transition temperature the developed membranes were peeled off from glass 
plate.  
In order to determine the Tg of the blended membranes, the samples were cut into small pieces, each weighing about 10 mg, in 
the aluminium pan. The thermal scans were carried from 0oC to 250oC with a heating rate of 10oC/min under a nitrogen atmosphere 
in a Perkin Elmer, DSC Pyris-1 calorimeter.  
 
3. Results & Discussion 
 
3.1. Glass Transition Temperature of Polymeric Blend Membranes  
 
The Tg values from the thermograms of PSU/PVAc blend membranes are shown in Figure 1. The Tg of the samples for the pure 
polymeric membrane and polymeric blend membranes were taken as the mid-point of the temperature verses the heat flow curve.  
Pure PSU and PVAc thermograms were found to be at Tg values of 185.09oC and 28.21oC. PSU polymer below Tg are tough and 
rigid and have poor polymer chain mobility. Thus, the molecular size difference of the penetrating gases largely affects relative 
mobility. However, PVAc polymer above Tg possess greater intersegmental polymer chain motion. Moreover, effects from the 
molecular size differences of penetrating gases on relative mobility is low. In extreme conditions, plasticization is caused by 
gaseous components such as CO2, which have strong interactions with the membrane material and thus, deleteriously change 
membrane characteristics. Hence, any decrease in interactions among adjacent polymer chain segments enhances polymer chain 
mobility [10-17]. 
 
Figure 1: DSC analysis of the blend membrane of PSU and PVAc 
While for the membrane blends, it was perceived that with the increase in PVAc content, the Tg of the polymeric blend 
membrane decreased from 175.92oC (PSU95%/PVAc5%) to 155.75oC (PSU80%/PVAc20%) as shown in Figure 1. Polymer 
miscibility at the molecular level was confirmed as all composites exhibited distinct Tg values. Moreover, the organic and polar 
nature of the added acetate groups leads to the formation of new hydrogen bonds between these groups [18, 20]. This behaviour 
shows the miscibility among the polymers. Furthermore, we observed no phase separation, which also concurred with prior studies 
[10-17]. 
 
 
 
 
 
 
 
Tg=185.09oC 
Tg=168.69oC 
Tg=175.92oC 
Tg=155.75oC Tg=162.13oC 
Tg=28.21oC 
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3.2. Glass Transition Temperature of Enhanced Polymeric Blend Membranes  
 
The glass transition temperatures for the developed membranes were measured by differential scanning calorimetry (DSC) 
analysis. The Tg values from the thermograms of PSU/PVAc/Amines blend membranes are shown in Figure 2, 3 and 4. The Tg of 
the samples for the pure polymeric membrane and polymeric blend membranes were taken as the mid-point of the temperature 
versus the heat flow curve.   
 
Figure 2: DSC analysis of the blend membrane of PSU, PVAc and DEA 
 
Figure 3: DSC analysis of the blend membrane of PSU, PVAc and MDEA 
Tg= 174.13oC 
Tg=185.09 oC 
Tg=160.14 oC Tg=184.05 oC 
Tg=168.10 oC Tg=154.12 oC Tg= 28.21oC 
Tg=176.01 oC 
Tg= 160.03oC Tg=153.73 oC 
Tg= 28.21 oC 
Tg= 167.27oC 
Tg= 185.09 oC 
Tg= 183.84 oC 
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Figure 4: DSC analysis of the blend membrane of PSU, PVAc and MEA 
 
The polymer’s miscibility in the molecular level was confirmed since all the membranes with different compositions exhibited 
a distinct single Tg value. When amines were mixed in the blend, same results were observed i.e. the percentage of PVAc content 
decrease the Tg values of the polymeric amine blend membrane as shown in Figure 2, 3 and 4. This evidence also show that amines 
did not react in the blend. As recorded in the literature PSU polymers exhibit restricted segmental chain motion which is drastically 
slowed with decreased Tg, thus, creating packing defects in a non-equilibrium state. This unique reduction in chain mobility offers 
greater size and shape-selective atmospheric conditions for gas diffusion [2]. 
For the DEA/MDEA/MEA amine blend membranes, it was observed that as PVAc increases in PSU content, the Tg of the 
enhanced polymeric blend membrane decreased from 184.05oC (PSU95%/PVAc5%/DEA) to 154.12oC 
(PSU80%/PVAc20%/DEA), 183.84oC (PSU95%/PVAc5%/MDEA) to 153.73oC (PSU80%/PVAc20%/MDEA) and 183.97oC 
(PSU95%/PVAc5%/MEA) to 154.26oC (PSU80%/PVAc20%/MEA) respectively as shown in Figure 2, 3 and 4. This behaviour 
shows the miscibility among the polymers and this indication also show that amines did not react in the blend. In general, a decrease 
in the melting point in a polymeric blend can be due to both morphological effects and to thermodynamic factors (polymer-polymer 
interactions) [18]. Molecular architecture, cross-linking and interpenetrating network of polymers (IPNs) are known to influence 
the Tg of the polymers [19]. Also, for these PSU/PVAc/Amines polymeric blends of various compositions, there was no phase 
separation which is also consistent with past studies [10-17]. 
 
3.3. Comparison of glass transition temperature of developed membranes with theoretical models  
 
The Figure 5(a, b, c and d) shows experimental Tg values together with the estimated Tg the models in equation (1) to (3) blend 
respectively. The parallel model provided the closest fit to empirical Tg values in this case as shown in Figure 5(a, b, c and d). 
Models idealize projected outcomes based on extant relations between energy interactions and entropic (free volume) terms. A 
positive deviation (higher Tg) indicates interactions while a negative deviation (lower Tg) suggests changes in free volume. It is 
observed that deviation from theoretical results is a common phenomenon observed for majority of polymer blends that reflects 
specific interactions between the components [17, 21]. 
 
 
 
 
 
 
 
 
 
 
 
Tg = 28.21oC 
Tg = 183.97oC 
Tg = 185.09oC 
Tg = 166.82oC 
Tg = 154.26 oC 
Tg = 161.11 oC 
Tg = 174.05oC 
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(a) (b) 
  
(c) (d) 
Figure 5: Comparison of glass transition temperature of the blend membrane with theoretical models (a) PSU/PVAc (b) PSU/PVAc/DEA (c) 
PSU/PVAc/MDEA (d) PSU/PVAc/MEA 
4. Conclusion 
 
The Enhanced Polymeric Blend Membrane has successfully developed. The homogeneity in the membranes was confirmed by 
the DSC analysis that showed a single Tg for each membrane blends which indicated miscibility among the PSU/PVAc polymers 
and amines. In the future work we have a tendency to conjointly add the inorganic fillers like carbon molecular sieves; zeolites in 
blend which is further enhanced the polymeric amine blend membrane. 
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